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1
STRUCTURE AND METHOD FOR
EXTENDING BATTERY LIFE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/236,436, filed Sep. 19, 2011, which application
claims the benefit of U.S. Provisional Application No.
61/403,625, filed Sep. 20, 2010, which are incorporated
herein by reference in their entirety for all purposes.

BACKGROUND

The invention relates in general to battery technology and
more particularly to techniques for extending the operational
life of batteries such as disposable and rechargeable batter-
ies. Most consumer electronic equipments use batteries.
Batteries are classified in terms of primary batteries of dry
cells, secondary batteries and rechargeable batteries. Many
of electronic equipments are sensitive and need very precise
voltages to operate properly. In some cases, if the battery
supplying voltage to electronic equipment drops too low, not
only does the equipment provide unreliable output, but the
low voltage could also damage the equipment. As such,
many manufacturers of electronic equipment include cir-
cuitry that detects battery voltage levels and if the voltage
level drops below a certain level, the circuit would turn itself
off. As an example, a fresh unused AA battery provides 1.5V.
Over time, as the battery charge is consumed by the equip-
ments that utilize the battery, the battery voltage starts to
drop.

Some electronic equipments that use disposable batteries,
such as AA batteries, are designed to stop operating when
the battery voltage drops by 10% or so. That means when the
voltage of an AA battery drops to about 1.4V or 1.35V, the
battery is no longer useable by the equipment and has to be
replaced with a fresh battery. Thus, the entire voltage range
between OV to 1.35V is wasted, resulting in significant
inefficiency. This is akin to the scenario where only 10% of
a soda bottle is consumed, as a matter of routine, and the rest
discarded. This clearly would be very wasteful and ineffi-
cient.

Another factor impacting the cost of batteries is that some
of the material used in manufacturing batteries are difficult
to mine and in some cases are considered rare earth mate-
rials. The price of these materials have been on the rise since
some are only found in countries like China, and China has
started limiting the export of these materials.

In addition to the adverse economic impacts of battery
inefficiencies, there are significant environmental impacts.
There are about 3 billion batteries sold every year. Batteries
pose a special environmental risk because they contain toxic
material that can find their way into our natural resources
such as ground water. They also are not biodegradable.
Many nations as well as municipalities have laws and local
ordinances about recycling of batteries. Furthermore, the
carbon footprint associated with manufacturing and distri-
bution of batteries raises concerns. The process of mining
these materials, putting them in the batteries, packaging the
batteries, and shipping them all over the world takes a lot of
energy and generates a lot of greenhouse gases. Thus,
improving the use efficiency of batteries provides significant
economic as well as environmental benefits.
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Thus, there is a need for techniques that improve the
efficiency of batteries such as disposable and rechargeable
batteries.

BRIEF SUMMARY

Embodiments of the invention provide techniques for
significantly increasing the life of batteries. In accordance
with one embodiment, a battery sleeve for extending the
operational life of one or more batteries, includes a positive
conductive electrode and an insulating layer extending
below the conductive electrode such that when the sleeve is
coupled to a battery, the positive conductive electrode is
positioned above the positive terminal of the battery with the
insulating layer electrically isolating the positive conductive
electrode from the positive terminal of the battery.

In another embodiment, the battery sleeve further
includes a negative conductive electrode configured so that
when the sleeve is coupled to a battery, the negative con-
ductive electrode is in electrical contact with the negative
terminal of the battery.

In another embodiment, the battery sleeve further
includes a voltage regulator circuit adapted to receive the
positive and negative terminals of a battery and provide an
output signal on an output terminal electrically connected to
the positive conductive electrode.

In another embodiment, the battery sleeve includes a
voltage regulator circuit adapted to receive the positive and
negative voltages provided by the battery and generate a
substantially constant output voltage on the battery sleeve’s
positive conductive electrode for the duration of the bat-
tery’s operating life.

In another embodiment, the voltage regulator is housed in
an upper portion of the battery sleeve near the positive
conductive electrode. In an alternate embodiment, the volt-
age regulator is housed in a lower portion of the battery
sleeve near the negative conductive electrode.

In another embodiment, when the battery sleeve is
coupled to a battery, the positive conductive electrode of the
sleeve serves as the new positive terminal of the battery.

In another embodiment, the battery sleeve is configured
so that when the sleeve is coupled to a battery, the positive
terminal of the battery is covered by the insulating layer such
that the positive terminal is not externally electrically acces-
sible.

In yet another embodiment, the battery sleeve is config-
ured so that when the sleeve is coupled to a battery, the
negative terminal of the battery is externally electrically
accessible.

In accordance with another embodiment of the invention,
a battery sleeve for extending the operational life of one or
more batteries, includes a positive conductive electrode
configured such that when the battery sleeve is coupled to at
least one battery, the positive conductive electrode of the
sleeve serves as the new positive terminal of the at least one
battery.

In one embodiment, the battery sleeve further includes a
voltage regulator adapted to receive the voltage provided by
the at least one battery and generate a substantially constant
output voltage for the duration of the operating life of the at
least one battery.

In another embodiment, the battery sleeve further
includes an insulating layer extending below the conductive
electrode, wherein the sleeve is configured such that when
the sleeve is coupled to a battery, the positive conductive
electrode is positioned above the positive terminal of the
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battery with the insulating layer insulating the positive
conductive electrode from the positive terminal of the bat-
tery.

In another embodiment, the battery sleeve further
includes a negative conductive electrode configured so that
when the sleeve is coupled to a battery, the negative con-
ductive electrode is in electrical contact with the negative
terminal of the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a battery regulation system 110 according to
one embodiment;

FIG. 2 shows a simplified diagram of a battery sleeve
according to one embodiment;

FIG. 3 shows a side view of a battery sleeve coupled to
a battery, according to one embodiment;

FIG. 4 shows a simplified diagram of a battery sleeve with
the regulator circuit placed along a bottom portion of the
sleeve according to one embodiment;

FIG. 5 is a simplified diagram showing an embodiment
wherein a battery sleeve is adapted to couple to two serially-
connected batteries;

FIGS. 6 A and 6B show yet another embodiment wherein
the regulator and the sleeve are adapted so that the sleeve
provides the positive terminal of the battery to external
devices together with a regulated output voltage; and

FIG. 7 shows actual measurements that illustrate the
advantages of the various embodiments.

DETAILED DESCRIPTION

In the following description of the present embodiments,
reference is made to the accompanying drawings that form
a part hereof, and in which is shown by way of illustration
specific embodiments in which the embodiments may be
practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments
may be utilized and that process, electrical or mechanical
changes may be made without departing from the scope of
the present disclosure. The following detailed description is,
therefore, not to be taken in a limiting sense.

FIG. 1 shows a battery regulation system 110 according to
one embodiment. Positive terminal 104 of battery 103 is
connected to input terminal 101 of voltage regulator 105.
Ground terminal 100 of battery 103 is connected to ground
input terminal 106 of voltage regulator 105. In one embodi-
ment, negative terminal 100 of the battery needs to be routed
to where voltage regulator 105 is physically located. This
could be accomplished via a flexible PCB that forms part of
a battery sleeve which is described in more detail further
below. Output terminal 102 of voltage regulator 105 pro-
vides the output of battery regulation system 110. There is an
insulator placed between positive terminal 104 of battery
103 and output 102 of voltage regulator 105.

The operation of battery regulation system 110 is
described next. In one exemplary embodiment of system
110, output 102 of system 110 is regulated to 1.5V. A fresh
AA battery provides a voltage to regulator 105 in the range
of 1.5V to 1.6V. Output 102 of regulator 105 is then
regulated to 1.5V, and thus the output of battery regulation
system 110 is fixed to 1.5V. In operation, as the device that
uses battery regulation system 110 consumes current from
battery 103, the battery gradually loses the charge that was
originally placed in the battery thru chemical energy storage
means. This causes the voltage output by battery 103 to
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decline over time. Regulator 105 however keeps providing
a constant 1.5V at output terminal 102 even though the input
voltage of the regulator is reduced below 1.5V. This in effect
provides a constant voltage to the device that uses battery
regulation system 110 until the voltage provided by battery
103 is reduced to the minimum voltage regulator 105 can
operate with. In this example, that would be around 0.7V to
0.8V. This allows the end device to utilize battery 103 for a
longer period of time. Also, a lot more of the stored charge
in the battery is used before it is discarded.

FIG. 2 shows a simplified diagram of battery sleeve 200
according to one invention. Sleeve 200 when coupled to
battery 103 covers the battery’s top terminal 104. Sleeve 200
has an upper portion that fits snug around the upper portion
of battery 103. Sleeve 200 is generally designed to ensure
minimal increase in the overall dimension of the battery
when coupled to the battery. Sleeve 200 contains an insu-
lator (not shown) which electrically isolates positive termi-
nal 104 of battery 103 from the new positive terminal 204 of
battery sleeve 200. Sleeve 200 also includes a bottom
section which includes a bottom conductor 205 that electri-
cally connects to negative terminal 100 of battery 103. One
or more conductive traces 202 route bottom conductor 205
to the regulator circuit (not shown) housed in the upper part
of sleeve 200.

FIG. 3 shows a side view of sleeve 300 coupled to battery
103, according to one embodiment. Sleeve 300 wraps
around the top part of battery 103, and has a top conductor
electrode 304 insulated from positive terminal 104 of battery
103 by insulator 312. In this embodiment, regulator 105 is
housed in the upper part of sleeve 300. A conductive trace
306 extending in sleeve 300 connects input terminal 101 of
regulator 105 to positive terminal 104 of battery 103.
Another conductive trace 310 extending in sleeve 300
connects negative terminal 100 of battery 103 to input
terminal 106 of regulator 105 through bottom conductor
305. Yet a third conductive trace extending in sleeve 300
connects output terminal 102 of regulator 105 to the sleeve’s
top conductor electrode 304. Conductive traces 306, 308 and
310 are insulated from one another. As described earlier, in
operation, top conductive electrode 304 serves as the bat-
tery’s “new” positive terminal.

In an alternate embodiment shown in FIG. 4, regulator
405 is placed in a bottom portion of sleeve 400 close to
where negative terminal 100 of battery 103 would be located
when battery 103 is inserted in sleeve 400. In this embodi-
ment, positive terminal 104 of battery 103 is routed by a
conductive trace 412 extending through sleeve 400 to the
bottom of the sleeve where regulator 405 resides. Conduc-
tive trace 412 routed to the bottom is connected to input
terminal 101 of regulator 405, and the other input 106 of
regulator 405 receives the negative terminal 100 of battery
103 which is present at the bottom of sleeve 400. Output
terminal 102 of voltage regulator 405 is then routed up by
conductive trace 414 and connected to top conductor elec-
trode 404 of sleeve of 400. As in prior embodiments, the top
conductor electrode 404 of the sleeve is insulated form
positive terminal 104 of battery 103 by an insulating layer
410. In this embodiment, two conductive trances 412, 414
extend between the upper and lower portions of sleeve 400.

FIG. 5 is a simplified diagram showing an embodiment
wherein sleeve 500 is adapted to couple to two serially-
connected batteries 103A, 103B. In this exemplary embodi-
ment, batteries 103 A, 103B are AA batteries providing a 3V
output. Regulator 505 is shown in FIG. 5 outside sleeve 500
to minimize clutter. In practice, regulator 505 is housed in
sleeve 500. Regulator 505 is used in a similar manner to the
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above embodiments. As in previous embodiments, as the
voltage of the two batteries drop due to use, regulator 505
provides a constant regulated voltage equivalent to the
doubled voltage of fresh batteries.

FIGS. 6 A and 6B show yet another embodiment wherein
the regulator and the sleeve are adapted so that the sleeve
provides the positive terminal of the battery to external
devices together with a regulated output voltage. FIG. 6A
shows how positive terminal 104 and negative terminal 100
of battery 103 are interconnected with the voltage regulator
605. The regulator is shown separate from the sleeve for
clarity, though in practice the regulator would be housed in
the sleeve. FIG. 6A also depicts insulator 610 which insu-
lates bottom electrode 612 of the sleeve from negative
terminal 100 of battery 103. FIG. 6B more accurately
reflects the physical location of regulator 605, which is along
the bottom of the sleeve. In this embodiment, output 102 of
voltage regulator 605 is used as a series voltage to the
voltage of the battery. In the beginning when the battery is
fresh, output 102 of voltage regulator 605 is set to OV, or
even negative, to make sure the voltage provided by the
sleeve to external equipment remains at 1.5V. As the battery
charge drops over time, voltage regulator 605 maintains a
voltage at its output 102 substantially equal to 1.5V-V_.-
zry. In other words, the regulator monitors the voltage
provided by battery 103 and if it falls below the regulated
voltage, it then generates a voltage to compensate for the
drop in the battery voltage. As an example, as the battery is
used and its voltage drops to 1.1V, voltage regulator 605
provides a voltage of 0.4V at its output 102.

In accordance with embodiments of the invention, a
battery sleeve when coupled to a battery, isolates the positive
terminal of the battery from external devices, and during
operation, regulates the battery voltage to a constant voltage
and provides the regulated constant voltage in place of the
original battery voltage to external devices. An advantage of
such a battery sleeve is that even after the output voltage of
the battery drops below the allowable operating voltage of
the external equipment, the external equipment continues to
receive a constant voltage and thus continues to operate and
draw charge from the battery. It would continue doing so
until such time that the output voltage of the battery drops
below the range that the voltage regulation system can
operate. In the AA battery example, without the battery
sleeve, the battery needs to be thrown away when it drops
from 1.5V to 1.4V or 1.35V. However, with the sleeve, the
battery voltage can drop to as low as 0.8V or 0.7V while the
external equipment continues to see 1.5V. It is noted that the
current level of the battery sleeves need to be in line with the
current needs of the end system.

If one looks at the potential return of such a device in
terms of lifetime of a battery, one can see significant
benefits. For instance, the AA battery in the above example
would use roughly the equivalent charge of the battery
output in the range of 1.5V to 1.4V. This means that after
0.1V drop, the battery’s life is over. If the battery could be
used until its voltage reaches 0.8V, then after 0.7V drop the
battery’s life is over. If one were to assume that the time
versus the voltage drop is a linear function, then the life of
the battery could be improved by a factor of 7 in this
example. However, advantageously the time versus voltage
drop is not quite linear. The time it takes for the battery
voltage to drop by 0.1V is longer at lower voltages versus at
higher voltages. That means that if a constant current was
drawn from the battery, it would take the battery a lot longer
to discharge from 1.2V to 1.1V than it would from 1.5V to
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1.4V. This means that the extent to which the battery life is
increased could be even higher than the factor of 7 in the
above example above.

It is noted that the regulation circuit has a certain effi-
ciency which cuts back on the extent to which the battery life
is extended though the life time reduction is rather minimal.
During operation, the regulator itself uses a certain amount
of current from the battery. A lot of the available DC to DC
converters have high efficiencies of around 95%. That is, of
power supplied by the battery, 5% is used by the converter
and the rest is available for the end user. However, the 5%
efficiency loss due to use of a converter, when compared to
the 700% gain in efficiency of the battery, is negligible. It is
further noted, that the converter efficiency may drop as the
battery voltage drops due to use. For example, as the battery
voltage drops from 1.5V to 1V, the efficiency of the con-
verter may drop down to 50% to 60%. However, 50%
efficiency is still a significant improvement over the current
approach of discarding the batteries because their voltage
has dropped below the operable voltage range (i.e., 1.4-
1.5V).

The economics of the present invention are attractive.
While there may be some cost associate with implementing
the present invention, such cost is more than off-set by cost
savings achieved in extending the life a battery to equivalent
of'5 to 7 batteries. The implementation can be external to the
battery as described in various embodiments above or alter-
natively battery manufacturers could incorporate the regu-
lator circuit and the associated connections inside the bat-
tery-housing during the manufacturing process. However,
the attachable sleeve implementation has the added advan-
tage that it can be used over and over again. That is, once the
battery inside the sleeve is completely used up, the used up
battery could be tossed and another battery could be placed
inside the sleeve. So, the cost of the sleeve is spread among
many batteries thus minimizing the added cost per battery.
The attachable sleeve has the added benefit (over the imple-
mentation where the regulator is incorporate inside batteries)
that the existing battery manufacturing processes, equip-
ments and factories do not need to be changed.

It is noted that the battery compartment of most, if not all,
electronic equipment need not be retrofit to accommodate
the battery sleeves. While the sleeve slightly increases the
height of the battery, the spring in battery compartments
used to hold the battery in place can accommodate the added
height. The length of the spring is typically in the range of
5 mm to 10 mm. The height increase of the battery due to the
sleeve is about 1 mm. The extra height is easily accommo-
dated by the spring compressing one more millimeter when
the battery with the sleeve is inserted in the battery com-
partment. The thickness of the sleeve could of course be
reduced as technology advances. For batteries such as 9V
batteries where both positive and negative terminals are
located along the same end of the battery, the sleeve would
have even less of an impact on the size of the battery. That
is because for such batteries, the sleeve is simply a male to
female converter with an insulator to isolate the battery’s
positive terminal from the output of the voltage regulator.

In another embodiment, multiple batteries could be placed
in series and one sleeve can encompass the series of batter-
ies, such as that shown in FIG. 5. As described with the FIG.
5 embodiment, the output voltage of the serially connected
batteries would be used as input to the voltage regulator and
the constant output voltage provided by the regulator is
provided to external devices. It is noted that the life of such
serially connected batteries is increased even more than the
case of a single battery, as explained next. A single AA
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battery, when used without the sleeve, would be tossed when
its voltage drops from 1.5V to 1.35V. When used with the
sleeve, the battery can be used down to 0.8V. If the battery
discharge time was linearly related to the discharge rate of
the battery, then the life extension time would be 0.7V/
0.15V or more than 4 times. In contrast, in the case where
two AA batteries are serially connected and no sleeve is
used, the two batteries would need to be tossed when the
voltage of the serially connected batteries drops from 3V to
2.7V. When used with a sleeve, the serially connected
batteries can be used from 3V down to 0.8V. The life
extension time would then be proportional to (3-0.8)/(3-
2.7)=2.2/0.3 which results in battery life extension of over 7
times. This assumes a linear relationship between the output
voltage and time. However, as explained above, batteries
behave non-linearly in that the time it takes to drop by 0.1V
from 1.5V to 1.4 v is much shorter than the time it takes to
go from 1.3 v to 1.2 v. This advantageously further increases
the battery life when a sleeve is used.

In yet another embodiment, the apparatus of the current
invention is used in conjunction with rechargeable batteries.
There is a phenomenon with rechargeable batteries called
shadow effects. If a battery is discharged by a small amount
and then fully charged, and if that process is repeated
numerous times, the battery loses its ability to hold charge.
The current embodiments enable the rechargeable batteries
to operate for a much longer time and hence reduce the need
to recharge by the end user as frequently.

Another known phenomenon is that if a rechargeable
battery is allowed to discharge beyond a certain limit, the
number of times that it can be charged is reduced dramati-
cally. The current embodiments include a voltage detection
system that detects when the battery reaches the lower limit
and shuts off the output voltage, hence increasing the
number of times the battery can be charged.

In one embodiment, printed silicon on metal technology
can be used to implement the sleeve, the regulator circuitry
and its associated connections. There is new technology that
uses material other than silicon to process circuitry. These
types of printed silicon, which in some cases are printed on
stainless steel, could be used to shape the sleeve that goes
around the battery. It would also allow for better thermal
characteristics.

In yet another embodiment, a flexible PCB could be used
to route terminals from one side of the battery to the other
side. These flexible, thin layers would allow the sleeve to be
very thin.

In yet another embodiment, the efficiency of the regulator
system could be adjusted such that while the system would
allow for the maximum current output capability of the
regulator system to be quite high, the efficiency would be
maximum at the output current level that the end system
usually runs. For example, if the battery is used in a remote
control system, where the average current consumption of
the remote control system is 50 mA, then the voltage
boosting system, which may be a DC to DC conversion
system, is set to be as high as possible at that output current
level.

FIG. 7 shows measurements that illustrate the advantages
of the various embodiments. Three popular AA battery
brands, Panasonic, Duracell and Sony were chosen for the
measurements. Active load circuitry that drew a fixed 50 mA
current was placed at the output of these batteries and the
voltage of each battery was measured over time. The hori-
zontal access shows time and the vertical access shows the
battery voltage. The starting voltage for these fresh batteries
was 1.6V. The amount of time it takes for the batteries to
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reach 1.39V, which is where a lot of electronic equipment
stop operating, are listed. The Panasonic battery took 6.3
hours to reach that level, while it took 4.5 hours for the Sony
battery. The Panasonic battery when used in conjunction
with a regulator, according to embodiments of the invention,
took 27.9 hours before it stopped providing 1.5V, and the
Sony battery when used with a regulator took 32 hours
before its stopped providing 1.5V. Thus, with the regulator,
it takes 4.5 to 7 times longer before the battery needs to be
replaced. Thus, the total number of batteries that need to be
manufactured and consequently discarded would be reduced
by 4 to 7 times. This would have a significant impact on our
planet if one takes into account the carbon footprint for
extracting all the battery material, their manufacturing, their
transportation to stores, their packaging as well as all of the
toxic material that end up in our landfills.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that any arrangement that is calculated or
designed to achieve the same purposes may be substituted
for the specific embodiments shown. Many adaptations of
the disclosure will be apparent to those of ordinary skill in
the art. Accordingly, this application is intended to cover any
adaptations or variations of the disclosure.

What is claimed is:

1. A battery sleeve for extending the operational life of a

battery, comprising:

a positive conductive electrode;

an insulating layer extending below the positive conduc-
tive electrode such that when the sleeve is coupled to a
battery, the positive conductive electrode is positioned
above the positive terminal of the battery with the
insulating layer insulating the positive conductive elec-
trode from the positive terminal of the battery;

a negative conductive electrode configured so that when
the battery sleeve is coupled to the battery, the negative
conductive electrode is in electrical contact with the
negative terminal of the battery;

a middle portion connecting an upper portion of the
battery sleeve to a lower portion of the battery sleeve,
the upper portion of the battery sleeve being configured
so that when the battery sleeve is coupled to a battery,
the upper portion of the battery sleeve partially wraps
around the exterior of the battery in order to secure the
battery sleeve to the battery; and

a voltage regulator circuit adapted so that when the
battery sleeve is coupled to a battery, the voltage
regulator circuit receives voltages provided on the
positive and negative terminals of the battery and
provides an output signal on an output terminal elec-
trically connected to the positive conductive electrode,
the voltage regulator being further adapted so that when
a battery is coupled to power a battery-operated elec-
tronic equipment through the battery sleeve, the output
signal is provided to the battery-operated electronic
equipment through the positive conductive electrode,

wherein the battery sleeve is adapted to be removable and
reusable with batteries that plug into the battery com-
partment of battery-operated electronic equipment, and
when the battery sleeve is coupled to a battery, a height
of the battery is increased such that the added height of
the battery is less than a compressible length of the
spring in the battery compartment of battery-operated
electronic equipment so that the battery with the battery
sleeve coupled thereto fits in the battery compartment
of battery-operated electronic equipment.
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2. The battery sleeve of claim 1 wherein the voltage
regulator is housed in an upper portion of the battery sleeve
near the positive conductive electrode.

3. The battery sleeve of claim 1 wherein the voltage
regulator is housed in a lower portion of the battery sleeve
near the negative conductive electrode.

4. The battery sleeve of claim 1 wherein the battery sleeve
is configured so that when the sleeve is coupled to a battery,
the negative terminal of the battery is externally electrically
accessible, and the positive terminal of the battery is covered
by the insulating layer such that the positive terminal is not
externally electrically accessible.

5. The battery sleeve of claim 1 wherein the battery sleeve
is adapted to be coupled to a disposable battery.

6. The battery sleeve of claim 1 wherein the battery sleeve
is adapted to be coupled to a rechargeable battery.

7. The battery sleeve of claim 1 wherein the voltage
regulator circuit is adapted to provide a substantially con-
stant output voltage as the output voltage of the battery is
reduced.

8. The battery sleeve of claim 1 wherein when the battery
sleeve is coupled to a battery, the negative conductive
electrode is in physical contact with the negative terminal of
the battery.
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